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Abstract
The cattle tick Rhipicephalus microplus is a great sanitary problem and causes huge losses 
to livestock, being a vector of important diseases. The aim of this work was to verify the 
action of plant-derived material obtained from Tagetes patula on the life cycle of R. micro-
plus, as well as to analyze the action of these extracts on ovary cells of engorged females. 
In the Adult Immersion Test, the crude ethanolic extract  (TpEtOH) showed an efficacy of 
99.2%  (LC50 = 18.60 mg mL−1). From the repellency test, it was found that both the  TpEtOH 
and essential oil were 100% efficient on the larval stage. In addition, in the Larval Package 
Test, a mortality of 98.37% was obtained with  TpEtOH  (LC50 = 3.798 mg mL−1). From the 
microscopic analysis of ovary cells, morphological changes in the chorion and cytoplasm 
of oocytes were observed, with vacuolization around the germinal vesicle and disorganiza-
tion of the pedicular cells, suggesting an interference in the normal embryogenic forma-
tion of the larvae. These results demonstrate that T. patula extracts interfere at all stages 
of development of the ixodid, from eggs to adults forms, and have a pronounced repellent 
effect. In addition, the results of the cytotoxicity assays performed on keratinocytes, as well 
as previous information on oral and dermal acute toxicity  (LD50 > 4000 mg kg−1), attest 
that T. patula can be a safe alternative for ectoparasitic control, representing an alternative 
for development of a formulation used to help control populations of ticks in the field.
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Introduction
The sustainable development of the livestock industry is dependent on technological 
advances used to ensure the supply of quality products to national and foreign commer-
cial markets. Selected genetic resources combined with nutritional and health management 
of the herd are the primary factors to consider in order to achieve success in this area. 
Regarding animal health, one of the main problems is the control of ectoparasites. Effec-
tive control through synthetic chemicals has introduced some important inconveniences, 
such as the rapid development of resistance to the active ingredients, damage to the herd 
and ecological imbalances. In addition, society, environmental associations and national 
and international government agencies have expressed concern about possible teratogenic, 
mutagenic, carcinogenic and/or allergenic effects arising from residues in animal products 
(Mello and Silveira 2012).
Brazil has the largest commercial herd in the world and is the largest beef exporter, 
second-largest meat producer and sixth-largest milk producer (USDA 2014), yet Brazil still 
has great potential to expand this income, since much of the cattle production is hindered 
by the influence of parasites. Rhipicephalus (Boophilus) microplus (Canestrini) causes an 
annual loss of US$ 3.24 milliard dollars to the Brazilian cattle industry, representing 75% 
of the total economic loss in this sector (Grisi et al. 2014). When the costs of hand labour 
and veterinary monitoring are considered, this loss reaches larger numbers. An adult tick 
attacking a cow reduces its milk production in the order of 8.9  mL  day−1 (Jonsson and 
Matschoss 1998). Considering that hundreds of engorged females can attack that one ani-
mal at the same time, the total volume of wasted milk is considerable. Moreover, there 
is a reduction in the production and quality of the meat and a depreciation of the leather 
due to marks left where the tick was fixed. The cattle tick also enhances the probability 
of transmission of important diseases, such as babesiosis, caused by the protozoa Babesia 
bigemina and Babesia bovis (Homer et al. 2000), and anaplasmosis, caused by the intracel-
lular bacterium Anaplasma marginale (Aubry and Geale 2011), constituting a set of dis-
eases popularly known as tick-bite fever (Almeida et al. 2006; Guedes-Junior et al. 2008; 
Roy et al. 2017). The treatment of babesiosis consists of destroying protozoa through appli-
cation of drugs containing diminazene aceturate, imidocarb dipropionate, amicarbaline, 
clindamycin and quinine or atovaquone and azithromycin, but its effects such as diarrhoea, 
colic and salivation are quite severe (Urquhart et al. 1998; Vannier and Krause 2009). For 
anaplasmosis, treatment is based on the use of tetracycline or oxytetracycline, and also imi-
docarb. Even treated animals can become chronic carriers of the disease and, if healed, 
remain susceptible to re-infection by heterologous strains (Felsheim et al. 2010).
The cattle tick does not usually inhabit urban areas but in rural areas because of the 
presence of its preferred host. However, due to the introduction of dairy cattle to support 
human livelihoods in urban localities, these parasites have become more frequent in peri-
domiciliary areas. The favourable environmental conditions for reproduction and develop-
ment and the corresponding large environmental contamination have increased the appear-
ance of human infection cases (Labruna et al. 2005; Soares et al. 2007).
There is currently no official control program for the cattle tick in Brazil and, for this 
reason, the criteria for infestation management are defined exclusively by the producers. In 
general, information about regional parasite epidemiology is neglected and acaricides are 
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sometimes chosen by criteria other than efficiency; it is common for the producer to apply 
the same chemical to control infestation of other pests, such as the horn fly (Haematobia 
irritans), indirectly contributing to the increase in tick resistance (Barros et al. 2007).
There is a great variety of plant species with therapeutic qualities, but research on the 
use of plant-derived materials in the control of parasites has not progressed satisfactorily. 
The use of plants as phytotherapeutic agents or as a source of prototype substances for lab-
oratory synthesis provides a potential market of great interest to the pharmaceutical indus-
try. Among the advantages of the use of plant extracts are possible synergistic effects of 
compounds (association of action mechanisms through substances acting simultaneously 
on different molecular targets), the lower risk of side effects, low environmental contami-
nation, and relatively low costs for its obtainment (Yunes et al. 2001).
Tagetes patula L. (Asteraceae) is a well-described plant species native to North America 
and widely disseminated throughout the world. Its many medicinal qualities, including an 
insecticidal activity, are known since thousands of years. Its acaricidal potential against 
various stages of the life cycle of the brown dog tick Rhipicephalus sanguineus has been 
reported in the literature (Politi et  al. 2012, 2013, 2015), including its interference with 
normal egg embryogenesis. The aim of this study was to evaluate the in vitro action of 
plant-derived extracts from T. patula against the cattle tick R. (B.) microplus, as well as to 
analyse the possible morphological changes induced in the ovaries of engorged females. 
Tagetes patula can be cultivated under different climatic conditions throughout the year 
with high germination rates, producing large biomass for the extraction of plant-derived 
material (7.2  kg/100  m2). Both ethanolic extract and essential oil are easily obtained 
employing cheap materials and using simple and reproducible methodologies, showing 
excellent yields (ethanolic extract = 4.44 g of dry extract/100 g of vegetable drug; essential 
oil = 2.5 μL g−1 of vegetable drug). Briefly, the results described here are fundamental to 
guiding subsequent steps for future research aiming to incorporate the plant extracts, or 
even isolated compounds, into a formulation for topical use or for spraying on the environ-
ment. For this purpose, although not essentials, cytotoxicity assays were also performed in 
the naturally immortalized human keratinocyte cell line (HaCaT) to ensure the safe use of 
these plant-derived extracts in further studies.
Materials and methods
Plant material
Aerial parts of T. patula (stems, leaves and flowers) were obtained from the Collection of 
Medicinal and Aromatic Plants (CPMA) of the Multidisciplinary Center for Chemical, Bio-
logical and Agricultural Research (CPQBA), State University of Campinas (UNICAMP). 
The propagation was performed from seeds of the Topseed Garden line  (Agristar®). A 
voucher specimen was deposited in the CPQBA Herbarium with the process number 1421.
Cell line
The naturally immortalized human keratinocyte cell line (HaCaT) was obtained from the 
Rio de Janeiro Cell Bank (BCRJ) and cultured in the Laboratory of Cytology and Cell 
Biology in the School of Pharmaceutical Sciences, UNESP, Araraquara (SP), Brazil.
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Obtaining the crude extract
After stabilization and drying in an oven with air circulation for 5 days at 40  °C, aerial 
parts of the plant were ground in a Willey mill. About 1500 g of plant material was used 
for the preparation of the extract by maceration using absolute ethanol. After filtering, the 
solution was concentrated in a rotatory evaporator under reduced pressure and controlled 
temperature (40  °C). The resulting dry extract (204 g, yield = 13.6%) was stored in an 
amber bottle and kept in a desiccator to prevent moisture uptake or contamination.
Liquid–liquid partitioning of the crude extract
Approximately 76.0 g of the ethanolic extract was resuspended in 500 mL of methanol/
distilled water solution (MeOH:H2O, 9:1 v/v). This solution was transferred to a separatory 
funnel, and the first liquid–liquid partition was run with 500 mL of hexane (3 ×), yielding 
the hexane fraction  (FrHex = 12.6 g, yield = 8.05%). The procedure was repeated, with a sec-
ond partition performed using hexane/ethyl acetate solution 8:2 v/v (500 mL, 3 ×), yield-
ing the Hex:Ac 8:2 fraction  (FrHex:Ac = 2.86 g yield = 3.76%) and hydro-alcoholic fraction 
 (FrH = 49.9 g, yield = 65.7%). Due to the low responses presented in the biological tests, the 
 FrH will not be considered in this work.
Phytochemical characterization by GC–MS
Sample preparation
Because the extracts were complex matrices of low-volatility compounds in which some 
constituents presented thermal instability,  TpEtOH,  FrHex,  FrHex:Ac and  FrH were subjected to 
a process of derivatization known as silylation (Pellati and Benvenuti 2007). This sample 
preparation step consists of replacing the active hydrogens present in -OH, -SH, -NH and 
-COOH groups with trimethylsilane (TMS) or t-butyldimethylsilyl (TBDMS). With silyla-
tion, the protic sites are blocked, reducing dipole–dipole interactions and increasing the 
volatility and thermal stability of the compounds, resulting in narrower symmetrical peaks 
(Halket and Zaikin 2003). Therefore, 20 mg of each of the T. patula extractives were solu-
bilized in 300 μL of pyridine (Sigma-Aldrich). For the derivatization process, 100 μL of 
methoxyamine hydrochloride (20 mg mL−1, Sigma-Aldrich) was added to the vials and the 
reaction was performed at 30 °C for 90 min. Then, 150 μL of N-methyl-N-(trimethylsilyl) 
trifluoroacetamide (MSTFA, Sigma-Aldrich) was added, and the resulting final solution 
was held in a water bath at 37 °C for 30 min. Finally, the samples were filtered using nylon 
membranes (13 mm × 0.22 μm, Allcrom) and stored in vials for 24 h at 4 °C.
General
Chemical analysis was carried out by gas chromatography coupled to mass spectrometry 
(GC–MS) using a Shimadzu QP-2010, equipped with an auto sampler model AOC5000 
and a capillary column EN-5MS (5% diphenyl, 95% dimethyl silicone, 30 m × 0.25 mm; 
film thickness 0.25  μm, SGE Analytical Science). Helium was used as the carrier gas 
(1.3  mL  min−1). A total volume of 1.0 μL of a 10% solution of the oil in hexane was 
injected into an injector heated to 240 °C operating in split mode (split ratio 1:60). The 
oven temperature ranged from 60 °C to 240 °C at a heating rate of 3 °C min−1. The mass 
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detector was operated in electronic ionization mode (70 eV), the ionization source was set 
at 250  °C, the transfer line was set at 260  °C, and acquisition was performed by scan-
ning from m/z 40 to 400. The results were expressed as the relative area (percent area), 
and linear retention indices were calculated by injection of a series of n-alkanes (C8-C40, 
Sygma). For the proposed identification, the retention rate of each constituent was calcu-
lated using the Van den Dool and Kratz (1963) equation:
where IT is the temperature-programmed retention index of the interesting compound; tn 
and tn+1 is the retention times (in minutes) of the two standard n-alkanes containing n and 
n + 1 carbons; tx is the retention time of the compound of interest; and n is the number of 
carbons in the first bracketing n-alkane. The identification was confirmed by comparison of 
the calculated retention index with literature data (Wiley/NIST 10th edition library).
Biological assays
The experiment was authorized by the Committee on Ethical Use of Animals of Embrapa 
Pecuária Sudeste (CPPSE/Protocol 02/2014), using ticks collected from the herd.
Larval Package Test (LPT)
Engorged female ticks were placed in an incubator (27 °C and RH > 80%) in order to pro-
vide eggs. Larvae between 14 and 21 days of age were used. Approximately 100 larvae 
were placed between filter paper (2 × 2 cm) impregnated with 1 mL of the plant-derived 
extractives and then were placed into an envelope of filter paper (FAO 1971). These enve-
lopes were kept in the incubator, and the evaluation of the results was performed after 24 h 
by counting the live larvae with the aid of a vacuum pump. All concentrations were per-
formed in triplicate, including the control groups, which were treated with distilled water 
and 75% EtOH [v/v] (Chagas et al. 2003). The mortality rate was calculated according to 
the equation:
where (%) Mcontrol is the mortality rate in the control group and (%) and Mtreated is the mor-
tality rate in the treated group.
Adult Immersion Test (AIT)
Engorged female ticks were weighed and grouped into homogeneous groups of 10, and 
each group was subjected to immersion for 5  min in the ethanolic extract of T. patula 
 (TpEtOH). Distilled water and 75% EtOH (v/v) were used as negative controls (Chagas et al. 
2003). The ticks were placed in Petri dishes for oviposition and maintained in an incubator 
(27 °C and RH > 80%). After 2–3 weeks, the eggs were weighed, and the hatchability was 
visually checked on a stereoscope. This evaluation was also performed in triplicate for all 
concentrations and controls.
IT =
(
tx − tn
tn+1 − tn
+ n
)
× 100
M =
(%)Mcontrol − (%)Mtreated
(%)Mcontrol
× 100
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The calculation of the percentage of egg hatch inhibition (EHI) was performed according 
to the equations (Drummond et al. 1973):
where OI is the oviposition index, meggs is the mass of eggs laid, mfemales is the mass of 
engorged females, OIcontrol is the oviposition index of the control group, and OItreated is the 
oviposition index of the treated group.
The estimated reproduction (ER) and the efficacy of the product (EP) were calculated 
according to equations (Drummond et al. 1973):
where meggs is the mass of eggs, (%)H is the percentage of hatchability, 20,000 is an empir-
ically obtained constant that indicates the number of eggs present in 1 g of sample, mfemales 
is the mass of engorged females, ERcontrol is the estimated reproduction of the control 
group, and ERtreated is the estimated reproduction of the treated group.
Larval repellency test (LRT)
The tests were carried out under controlled conditions of temperature and humidity 
(RH ± 80% and T = 25 °C). The repellent activity was evaluated according to a methodology 
described by Chagas and Rabelo (2012) and consisted of observing the dispersion of larvae on 
wooden sticks (25 cm length) impregnated with  TpEtOH at 100, 25, 12.5, 6.25, 3.12, 1.56 and 
0.7 mg mL−1. The part of the stick located near the base (first 15 cm) had no contact with the 
solution, while the middle part (15–20 cm) and the upper end (20–25 cm) remained immersed 
in the test solutions for 15 min. The sticks were then fixed in the middle of a filter paper and 
inserted into the centre of a plastic cup containing plaster. Then, approximately 100 larvae 
were added to the stick base (between 0 and 2 cm). The results were read after 6 h as follows: 
the larvae were counted first in the first 5 cm of the extremity of all sticks (area 1) and then 
in the subsequent 5 cm of all sticks (area 2). The number of larvae was recorded separately 
for each region, and finally, the larvae located in the 15 cm not impregnated as well as those 
located on the filter paper (area 3) were counted. The same controls and replicates were per-
formed. The percentage of repellency for each concentration was given by the equation:
OI =
meggs(g)
mfemales(g)
(%)EHI =
OIcontrol − OItreated
OIcontrol
× 100
ER =
meggs(g) + (%)H × 20, 000
mfemales(g)
EP =
ERcontrol − ERtreated
ERcontrol
× 100
Repellency (%) =
(Number of larvae in area 3)
(Total number of larvae)
× 100
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Histological analysis of ovaries
Five engorged female R. (B) microplus were subjected to the immersion test 
(AIT) for 5  min in 2  mL of the following plant-derived extractives: ethanolic 
extract  (TpEtOH) = 50  mg  mL−1,  FrHex = 50  mg  mL−1,  FrHex:Ac = 50  mg  mL−1 and 
 FrH = 50 mg mL−1. Five females that did not suffer any type of chemical treatments were 
separated as a negative control group. Ticks were maintained in an environmental cham-
ber (27–28 °C, 70–80% RH) for five days. After this time, the females were anaesthe-
tized under cold temperature and dissected into Petri dishes containing phosphate buff-
ered saline (PBS). Under stereomicroscope, the organs were removed using tweezers 
and microsurgical scissors. The ovaries were fixed for 24  h in 4% paraformaldehyde. 
Afterward, they were transferred to PBS, where they remained for 24 h. Next, dehydra-
tion in an ascending ethanol series of 70, 80, 90, 95 and 100% solutions was carried out, 
with baths of 30  min at each concentration. Then, the materials were soaked in resin 
(JB-4 Polaron Instruments/BioRad) for 24 h and embedded in plastic moulds containing 
resin and polymerizing agent. The blocks were sectioned in a Sorvall JB-4 microtome/
BioRad, obtaining sections with 3.0 µm thickness. Slides containing sections of ovary 
were stained with haematoxylin. After washing using distilled water, the procedure 
was repeated with eosin dye. Finally, after drying at room temperature, the slides were 
immersed in xylene and then covered with Canada balsam. The images were analysed 
and captured using a LEICA DM 750 light microscope.
Cytotoxicity assay
The cytotoxicity of the extracts of T. patula was examined according to a Sulforhoda-
mine B (SRB) assay (Skehan et al. 1990). Briefly, the 96-well plates were pre-incubated 
with culture medium (Dulbecco’s modified minimum essential medium (DMEM) sup-
plemented with foetal bovine serum 10% (v/v), 100  μL  well−1) for 24  h (37  °C, 5% 
 CO2 atmosphere). After this time, the adhesion and growth of cells were observed. The 
medium was discarded, and the test samples  (TpEtOH,  FrHex and  FrHex:Ac) and controls 
(doxorubicin 20 µg mL−1 as a positive control and vehicle control) were added to each 
well at a cell count of 1.4 × 104 cell mL−1. After 24 h of incubation, the cells were fixed 
with trichloroacetic acid (TCA, 100 μL well−1) and placed under refrigeration for 1 h at 
4 °C. The TCA was removed, and 0.4% SRB dye (v/v) was added (50 µL well−1). After 
20 min, the plates were washed with 1% acetic acid solution (v/v) and dried at 25 °C. 
The unbound dye was removed after washing, and dye bound to the proteins was solubi-
lized in a basic medium (Tris base, 10 mM, pH 10.5) for determination of optical den-
sity at 570 nm on a microplate absorbance reader (iMark™, BioRad). The percentage of 
living cells was calculated according to the equation:
where MAbsT is the mean absorbance value of the tested sample; MAbsNC is the mean absorb-
ance value of the negative control; and MAbsVC is the mean absorbance value of the vehicle 
control.
Survival (%) =
(
MAbsT −MAbsNC
)
(
MAbsVC −MAbsNC
)
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Statistical analysis
To calculate the lethal concentrations  (LC50 and  LC90), probit analysis was performed 
using the Statplus software (AnalystSoft 2009), following the Finney method (p ≤ 0.1). The 
results were submitted to analysis of variance (ANOVA), and the means were compared by 
Tukey’s test (α = 0.05) using the ASSISTAT 7.7 software. For the cytotoxicity assay, the 
results are expressed as the mean ± standard error (SE) of three separate experiments. Sta-
tistical analyses were performed using GraphPad Prism software (version 5.01). The data 
were subjected to one-way ANOVA, followed by Tukey’s test.
Results and discussion
The effectiveness of the silylation reaction was confirmed experimentally by the presence 
of the m/z 73 fragment in the mass spectra, corresponding to the TMS group. The ease 
of derivatization of the different functional groups with a silylating agent follows the fol-
lowing order: alcohols > phenols > carboxylic acids > amines > amides (Halket and Zaikin 
2003). The GC–MS analysis revealed the presence of 108 signals, of which 56 were identi-
fied, making a total of 51.85%. Table 1 lists those that appeared in greater abundance. It 
should be noted that 14 substances (25%) were present only in  FrHex (caryophyllene oxide, 
myristic acid, heptadecanoic acid, oleic acid, heptacosane, tricosanoic acid, squalene, pen-
tacosanoic acid, 1-hexacosanol, tricontane, hexacosanoic acid, campesterol, tritrichontane 
and tricontanoic acid). Another point to emphasize is the presence of piperitone and piperi-
tenone—major compounds in the essential oil of the plant species (Politi et al. 2017)—in 
the apolar phases of  TpEtOH, which demonstrated promising results in the biological assays. 
These compounds are possibly involved in the potential insecticide action of T. patula.
Table 2 shows the mortality percentages of R. (B.) microplus larvae submitted to LPT. 
In general, the three samples presented very positive results, especially  FrHex:Ac, which 
maintained good efficacy even at lower concentrations, with an  LC50 of 0.58  mg  mL−1 
(0.152–1.172 mg mL−1), a standard error of 0.2363 and an  LC90 of 11.97 mg mL−1. The 
 FrHex was slightly more efficient than  TpEtOH, eliminating 100% of the larvae at the concen-
tration of 100 mg mL−1, presenting an  LC50 of 1.612 mg mL−1 (0.466–3.002 mg mL−1), 
a standard error of 0.611 and an  LC90 of 19.767  mg  mL−1. The  TpEtOH presented 
an  LC50 = 3.798  mg  mL−1 (3.370–4.239  mg  mL−1), a standard error = 0.222 and an 
 LC90 = 27.274 mg mL−1. The control groups showed mortality rates below 10%, validating 
the obtained results. For comparison, Castro et al. (2014) found an  LC50 of 0.80 mg mL−1 
using hexanic extract of Acmella oleraceae (Asteraceae).
Table  3 summarizes the results achieved with the in  vitro AIT test, highlight-
ing the significant values of the inhibition of oviposition and of egg hatching by the 
higher  TpEtOH concentrations applied. By probit analysis, the  LC50 and  LC90 were 
calculated:  LC50 = 18.6  mg  mL−1 (11.0–31.4  mg  mL−1) and  LC90 = 106.8  mg  mL−1 
(56.1–364.2 mg mL−1). The results of the fractions are not shown for those not following a 
normal pattern that would enable the calculation of  LC50 and  LC90 by probit analysis. The 
results obtained using  TpEtOH in the AIT test are very promising, especially when com-
pared with those of previous studies. Chagas et al. (2011) reported  LC50 and  LC90 values 
of 130.6 mg mL−1 (115.9–152.7 mg mL−1) and 302.9 mg mL−1 (238.6–436.0 mg mL−1), 
respectively, from the ethanolic extract of Artemisia annua (Asteraceae). Castro et  al. 
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Table 1  Compounds identified by GC–MS in the ethanolic extract and fractions of Tagetes patula and the 
respective percentages in relation to the total area of the chromatogram
RT (min) Compound Ionsa (m/z) Area (%)
TpEtOH FrH FrHex:Ac FrHex
5.15 Piperitone 82 (BP), 54, 95, 110, 137, 152 0.04 – – 0.22
6.10 Succinic  acidc 147 (BP), 73, 247 0.17 – 0.71 –
6.98 Piperitenone 150 (BP), 79, 91, 107, 121, 135 – – 0.40 0.27
11.12 Malic  acidb 73 (BP), 147, 233 0.08 – – –
11.97 Pyroglutamic  acidb 156 (BP), 73, 147 0.38 0.25 0.26 –
14.24 Caryophillene oxide 43 (BP), 55, 79, 93, 109, 121 – – – 0.27
18.44 Xylitolb 73 (BP), 103, 147, 217, 307, 319 0.15 0.10 – –
20.42 α-Glycerophosphoric acid 73 (BP), 103, 129, 147, 299, 357 – 0.09 – –
22.08 Protocatechuic  acidb 73 (BP), 45, 193, 311, 355, 370 0.27 0.15 0.23 –
23.03 Myristic  acidb 73 (BP), 75, 117, 132, 145, 285 – – – 0.84
26.65 Gallic  acidb 73 (BP), 147, 281, 443, 458 [M+•]g 0.11 0.10 – –
26.92 Allo-inositolb 73 (BP), 147, 191, 217, 305, 318 1.86 1.56 0.91 –
27.58 Ethyl ester 88 (BP), 101, 157, 241, 255 0.18 – 0.90 2.79
28.27 Gluconic  acidb 73 (BP), 147, 333, 292, 217 0.51 0.27 – –
29.26 Palmitic  acidb 117 (BP), 73, 313, 132,145, 328 
[M+•]
1.20 0.74 5.85 15.10
30.53 Ferulic  acidb 338 (BP), 73, 191, 219, 249, 293, 
308, 323
0.11 0.11 0.42 0.50
31.01 Mio-inositolb 73 (BP), 147, 217, 305, 318, 432 0.60 0.43 0.22 –
32.20 Heptadecanoic  acidb 73 (BP), 117, 132, 145, 327 – – – 0.21
33.12 Phytolb 143 (BP), 73, 75, 123 0.08 – 0.32 1.02
34.01 Linoleic  acidb 73 (BP), 75, 81, 337, 95, 352 
[M+•]
0.80 0.23 4.14 13.18
34.17 α-Linoleic  acidb 75 (BP), 73, 95, 108, 129, 335, 350 
[M+•]
0.89 1.19 4.38 12.14
34.42 Oleic  acidb 73 (BP), 117, 129, 145, 199, 222, 
264, 339
– – – 0.44
35.05 Stearic  acidb 117 (BP), 73, 341, 132, 129, 356 
[M+•]
0.16 0.08 1.14 2.07
36.68 Tricosane 57 (BP), 43, 71, 85, 99, 324 – – – 0.18
40.39 Eicosanoic  acidb 73 (BP), 117, 132, 145, 369 – – – 0.30
44.25 Monopalmitinb 371 (BP), 73, 147, 205, 239, 459 0.06 – 1.86 0.69
45.36 Docosanoic  acidb 117 (BP), 73, 132, 145, 397, 412 
[M+•]
0.12 0.46 0.57 0.85
46.89 Heptacosane 57 (BP), 43, 71, 85, 99, 380 – – – 0.45
47.72 Tricosanoic  acidb 73 (BP), 117, 132, 145, 411 – – – 0.47
47.98 1–Tetracosanolb 411 (BP), 75, 89, 103 0.35 – 1.48 4.51
49.21 Octacosane 57 (BP), 43, 71, 85, 99, 394 – – – 0,08
49.48 Squalene 69 (BP), 81, 121, 137, 410 [M+•] – – – 0.37
50.00 Tetracosanoic  acidb 73 (BP), 117, 132, 145, 425, 440 
[M+•]
0.06 – 0.35 1.24
51.45 Nonacosane 57 (BP), 43, 71, 85, 99, 408 0.06 – 0.40 2.18
52.20 Pentacosanoic  acidb 117 (BP), 73, 132, 145, 439, 454 
[M+•]
– – – 0.14
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(2014) reported an  LC50 of 79.7 mg mL−1 (69.7–91.3 mg mL−1) using the hexanic extract 
of Acmella oleracea (Asteraceae).
The cuticle of ticks is composed externally of waxes and fatty substances and inter-
nally of proteins (Balashov 1972). According to Odhiambo (1982), the waxy or lipid layer 
Table 1  (continued)
RT (min) Compound Ionsa (m/z) Area (%)
TpEtOH FrH FrHex:Ac FrHex
52.42 1-Hexacosanolb 439 (BP), 75, 89, 103 – – 0.17
53.62 Tricontane 57 (BP), 43, 71, 85, 99, 422 – – – 0.14
54.33 Hexacosanoic  acidb 117 (BP), 73, 132, 145, 453, 468 
[M+•]
– – – 0.33
55.72 Hentriacontane 57 (BP), 43, 71, 85, 99, 436 0.06 – 0.42 2.48
56.35 α-Tocopherolb 542 (BP and [M+•]), 237, 73 0.08 – – 0.57
56.55 1-Octacosanolb 75 (BP), 89, 103, 467 0.04 – – 1.00
58.38 Octacosanoic  acidb 73 (BP), 117, 132, 145, 481, 496 
[M+•]
– – 0.28 0.92
58.66 Campesterolb 129 (BP), 73, 255, 343, 382, 457, 
472
– – – 0.68
59.19 Stigmasterolb 83 (BP), 55, 129, 255, 394, 484 
[M+•]
0.41 – 1.97 7.99
59.72 Tritricontane 57 (BP), 43, 71, 85, 99, 464 – – – 0.32
60.37 β-Sitosterolb 129 (BP), 73, 357, 396, 486 [M+•] 0.19 – 1.05 4.94
62.20 Tricontanoic  acidb 117 (BP), 73, 132, 145, 509, 524 
[M+•]
0.42 – – 0.62
RT retention time, Area relative percentage area, BP base peak, [M+•] molecular ion
a Representative ions in increasing order of abundance
b Compounds identified as TMS derivatives
Table 2  Larval mortality rate (%) 
of Rhipicephalus (Boophilus) 
microplus submitted to the larval 
package test (LPT) using the 
ethanolic extract and fractions of 
Tagetes patula 
TpEtOH ethanolic extract, FrHex hexane fraction, FrHex:EtAc Hex:Ac 8:2 
v/v fraction, C− negative control
Means with the same superscript letter are not significantly different 
by Tukey’s test (p > 0.05)
Concentration  
(mg  mL−1)
TpEtOH FrHex FrHex:Ac
100 98.37a 100a 100a
50 94.86a 98.91a 97.11a
25 90.76a 84.14b 91.34b
12.5 81.93a 83.86b 93.41b
6.25 56.54b 81.17b 84.03b
3.12 47.97b 67.05c 74.06c
1.56 28.65c 47.57d 69.82d
C−  (H2O) 1.70d 1.70e 1.70e
C− (EtOH) 9.59e 9.59f 9.59f
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appears in the nymphal stage, and the summit of the deposition of these substances hap-
pens in the adult stage. In R. (B.) microplus, the amount of lipids in the outer layers of the 
cuticle increases, on average, from 22 up to 63 μg during engorgement of the tick in the 
host (Sonenshine 1991). Thus, in engorged females, acaricidal drugs should initially dis-
solve the cuticle lipids before reaching the inner layers. Based on the records of the phyto-
chemical composition of T. patula (Politi et al. 2012), we know that the ethanolic extract 
of its aerial parts contains compounds of low, medium and high polarity. This diversified 
constitution allows synergism between the apolar compounds, which penetrate the waxy 
cuticle of the tick, and polar compounds, which are carried together to its interior, acting 
simultaneously on distinct and specific molecular targets.
The negative geotropism of R. (B.) microplus larvae presented in stable laboratory con-
ditions is a good indicator for evaluation of the repellent activity of different substances, 
minimizing the small vertical displacement that occurs in vegetation in the field throughout 
the day (Hazari and Misra 1993). According to Jaenson et al. (2005), a repellent substance 
causes an organism to move in the opposite direction to the stimulus source. In addition, 
as ticks use host odours in their search behaviour (Steullet and Guerin 1994), some volatile 
substances may mask or hide these odours, and thus, the search behaviour will be affected, 
disrupting the parasite cycle in the host bovine. Table 4 and Fig. 1a show the results of the 
repellency assay performed using  TpEtOH. For comparison, we also evaluated the action 
of the essential oil (EO) of the same plant material. Both samples were very effective; 
however,  TpEtOH presented 100% efficacy even at lower concentrations. The difference in 
response to the two matrices is due to the rapid volatilization of EO and consequent loss of 
compounds that are dispersed into the environment. The negative controls showed percent-
ages of repellency within the range acceptable for validation of the experiment, with most 
larvae (± 80%) concentrated on area 1 (Fig. 1b, c). In relation to the distribution of larvae 
in the different areas of the stick and filter paper, it was observed that they tended to group 
at one of the two extremities, since the number of larvae in area 2 was insignificant, with 
a small number of larvae recorded (0.4%) at the lowest concentrations of  TpEtOH and EO 
(Fig. 1b, c). 
Table 3  Mean (± SD) parameters evaluated in the Adult Immersion Test (AIT) employing the ethanolic 
extract  (TpEtOH) of Tagetes patula against engorged females of Rhipicephalus (Boophilus) microplus 
C− negative control, mTicks mass of engorged ticks, mEggs mass of eggs laid, H hatchability, EP efficacy of 
the product
Means with the same superscript letter are not significantly different by Tukey’s test (p > 0.05)
Concentration 
(mg mL−1)
MTicks (g) MEggs (g) H (%) EP (%)
200 2.68 (± 0.12) 0.02 (± 0.03) 10.00 (± 17.32) 99.2a (± 1.3)
100 2.56 (± 0.03) 0.24 (± 0.36) 10.00 (± 17.32) 91.7a,b (± 14.4)
50 2.53 (± 0.03) 0.29 (± 0.27) 21.67 (± 24.66) 86.4a,b (± 20.9)
25 2.55 (± 0.03) 0.63 (± 0.12) 66.67 (± 15.28) 47.2b,c (± 20.7)
12.5 2.52 (± 0.005) 0.87 (± 0.10) 71.67 (± 18.93) 20.5c,d (± 28.4)
6.25 2.52 (± 0.01) 0.84 (± 0.07) 76.67 (± 7.64) 18.3c,d (± 15.2)
3.12 2.61 (± 0.97) 1.01 (± 0.38) 71.67 (± 31.97) 12.2c,d (± 12.0)
1.56 2.53 (± 0.01) 0.84 (± 0.06) 85.00 (± 5.00) 10.6c,d (± 8.4)
C− (EtOH) 2.24 (± 0.02) 0.92 (± 0.02) 85.00 (± 13.23) 0.3e (± 0.5)
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The ovary of R. (B.) microplus is of the panoistic type, that is, without the presence of 
feeder cells, and consists of a simple tubular structure with oocytes of various sizes and at 
different stages of development attached to the wall of the epithelium through the cells of 
the pedicel, which are responsible for synthesizing and providing substances for oocyte 
development (Saito et al. 2005). The oogenesis is divided into six stages (I-VI), which are 
Table 4  Potential of repellency 
of the ethanolic extract  (TpEtOH) 
and essential oil (OE) obtained 
from aerial parts of Tagetes 
patula in larvae of Rhipicephalus 
(Boophilus) microplus 
Means with the same superscript letter are not significantly different 
by Tukey’s test (p > 0.01)
Concentration (mg mL−1) Repellency (± SD) (%)
EO TpEtOH
100 100a (± 0.00) 100a (± 0.00)
50 100a (± 0.00) 100a (± 0,00)
25 99.1a (± 0.78) 100a (± 0,00)
12.5 99.0a (± 0.84) 99.3a (± 1.28)
6.25 99.4a (± 1.11) 99.7a (± 0.56)
3.12 96.8a,b (± 5.50) 100a (± 0.00)
1.56 80.6a,b (± 11.70) 100a (± 0.00)
0.7 61.1b (± 33.42) 99.4a (± 0.55)
C−  (H2O) 20.4c (± 11.59) 20.4b (± 11.59)
C− (Tween 80) 20.8c (± 15.38) 20.8b (± 15.38)
Fig. 1  In vitro larval repellency test. a Repellency (%) of the essential oil (OE) and ethanolic extract 
 (TpEtOH) of aerial parts of Tagetes patula, as well as negative controls, in Rhipicephalus (Boophilus) micro-
plus larvae; b, c distribution of the mean percentage of R. (B.) microplus larvae after 6 h in areas 1 (5 cm of 
the upper extremity), 2 (next 5 cm intermediaries) and 3 (15 cm inferior and paper base) of sticks impreg-
nated with plant-derived extractives of T. patula 
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defined in terms of cytoplasmic appearance, presence and position of the germinal vesicle, 
presence and abundance of yolk granules and presence and thickness of the chorion (Saito 
et al. 2005). In the present work, the ticks submitted to immersion for five minutes in the 
T. patula plant extracts presented some important modifications to the normal structure 
of their oocytes. Morphological changes were observed in the initial stages of maturation 
(II and III), which appeared as deformed and heterogeneous cell masses, with alteration 
of the typical ellipsoidal conformation of the eggs in these stages of formation (Fig. 2d, 
Fig. 2  Comparative histological analysis of ovary sections of Rhipicephalus (Boophilus) microplus 
untreated (NT) and treated with different plant-derived extractives of Tagetes patula, stained with haema-
toxylin–eosin. a Oocyte II of the NT group (×40), highlighting the regularity of the cytoplasm; b Oocyte 
III of the NT group (×100), highlighting the thick wall of the chorion (co); c Oocyte IV of the NT group 
(×40), highlighting the regular distribution of the yolk granules (y); d Oocytes III of the group treated with 
 FrHex:Ac (×40), showing the loss of corium integrity; e Oocyte II of the group treated with  TpEtOH (×100) 
adhered to the pedicel (pe); f Oocyte V of the group treated with  TpEtOH (×20), highlighting the chorion 
detachment (co); g Oocytes III and IV of the group treated with  FrHex (×40) located close to pedicel cells 
(pe); h Oocyte III of the group treated with  FrHex:Ac (×100), highlighting a huge vacuole around the ger-
minal vesicle (gv); i Oocytes IV of the group treated with  FrHex (×100), emphasizing the vacuolization of 
the cytoplasm and irregular formation of yolk granules (y); j Oocytes III of the group treated with  FrHex:Ac 
(×40), highlighting intense vacuolization both around the germinal vesicle (gv) and in peripheral areas; k 
Oocytes II and III of the group treated with  FrHex (×40) adhered to pedicel cells (pe); l Oocytes III of the 
group treated with  FrHex:Ac (×100)
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j, k). Structural alterations were also observed in the chorion of the oocytes III–V, which 
presented atypical deformities and folds, presenting a wrinkled appearance (Fig. 2d, f, j, 
3e, f, i, l). The appearance of large cytoplasmic vacuoles was observed, mainly around 
the germinal vesicle and periphery of oocytes III and IV (Fig. 2e, g, h–k, 3d, g). Exten-
sive vacuolization and irregular formation of yolk granules appeared in oocytes III, IV and 
V (Fig. 2i, l, 3e, h, i, k, l). Disorganization and vacuolization in the arrangement of the 
pedicel cells was detected, with some of the cells being lysed (Fig. 2g, k, 3d, g, i, j). In 
ovaries of the engorged females of the control group (NT), early-stage oocytes exhibited a 
cytoplasm with homogeneous appearance (Fig. 2a–c). The oocytes V, at the final stage of 
Fig. 3  Comparative histological analysis of ovary sections of Rhipicephalus (Boophilus) microplus 
untreated (NT) and treated with different plant-derived extractives of Tagetes patula, stained with haema-
toxylin–eosin. a Oocytes I and II of the NT group (×10), highlighting the integrity of the pedicel; b Oocyte 
V from the NT group (×100); c Oocytes V from the NT group (×10); d Oocytes II and III of the group 
treated with  FrHex (×20), highlighting the degradation of the regular structure of the pedicle and vacuoliza-
tion (va); e Oocyte V of the group treated with  TpEtOH (×20); f Oocytes V of the group treated with  FrHex 
(×10), highlighting the widened chorion (co); g Oocytes III and IV of the group treated with  FrHex:Ac (×20); 
h Oocyte 4 of the group treated with  FrHex (×40); i Oocytes II, III, IV and V of the group treated with  FrHex 
(×10); j Oocyte II of the group treated with  FrHex:Ac (×40), with an extensive vacuole formed around the 
germinal vesicle (gv); k Oocytes III and IV of the group treated with  FrHex:Ac (×40); l Oocytes IV of the 
group treated with  FrHex (×20)
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maturation, maintained the integrity of the chorion and the typical ellipsoidal shape, with 
homogeneity of the distribution of the yolk granules (Fig. 3b, c). The cells of the pedicel 
were intact and in an organized configuration, with the nuclei quite apparent (Fig. 3a).
The morphological changes described in the treated groups indicated a cellular intoxica-
tion caused by the substances present in the plant-derived extractives of T. patula. It is not 
possible to quantify the action of the different samples tested, but it can be said that the 
structural modifications were more evident and regular in the groups treated with  FrHex:Ac 
and  FrHex, corroborating the results obtained in the in vitro larvicidal activity assays. Apo-
lar substances in these samples may have penetrated the cells directly through the oocyte 
wall, since the chorion deposition begins only after the third stage of maturation, or may 
have been introduced by the pedicel cells (Roma et al. 2010; Vendramini et al. 2012).
The sites of vacuolization indicated extensive cytoplasmic disorganization and degra-
dation and may have contained whole organelles that were unable to perform their func-
tions, suggesting significant damage to the entire cell (Arnosti et al. 2011). Vacuolization 
is implemented by the cell to isolate interfering substances that may affect the integrity of 
the germinal vesicle and, consequently, cause damage to the nucleus, in order to preserve 
its capacity to perform the essential metabolic processes (Denardi et al. 2012; Roma et al. 
2011); however, this mechanism, if uncontrolled, can lead to cell death by autophagy (Lev-
ine and Yuan 2005).
Figure  4 and Table  5 show the results of the cytotoxicity test using human keratino-
cytes. It was established that above 62.5 μg mL−1, both  TpEtOH and  FrHex:Ac are as cyto-
toxic as the doxorubicin positive control at 20 μg mL−1 (p ≤ 0.05), with cell viability rang-
ing from 12.26%  (TpEtOH 125  μg  mL−1) to 1.71%  (FrHex:Ac 200  μg  mL−1). Table  5 also 
shows the calculated  IC50 values as well as the respective 95% confidence intervals. We 
can state that  FrHex:Ac, rich in apolar compounds, presented the lowest  IC50, justifying the 
formidable toxic action of this matrix in ovary cells of R. (B.) microplus engorged females. 
The  FrHex was the least cytotoxic, showing an  IC50 that was statistically different from the 
other extractives (p ≤ 0.05). In a previous work, Politi et  al. (2016) reported an  IC50 of 
210.93 μg mL−1 for  TpEtOH with J774 macrophage cells. According to Geran et al. (1972), 
plant-derived materials should be considered cytotoxic only when  IC50 ≤ 30  μg  mL−1. 
Therefore, from the  IC50 values mentioned above and the results obtained in the acute tox-
icity tests  (LD50 > 4000 mg kg−1) previously reported by Politi et al. (2017), it can be con-
sidered that all plant-derived extractives of T. patula used in this work do not confer risk in 
application in animal matrices. 
Fig. 4  Cell viability (mean % ± SE) of immortalized human keratinocytes (HaCat) grown in the presence 
of plant-derived extractives of Tagetes patula, determined through the sulforhodamine B assay. (*p < 0.05 
and ***p < 0.001 vs. vehicle control)
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Conclusions
The plant-derived extracts of T. patula, besides being an excellent repellent, presented great 
potential for the control of the cattle tick R. (B.) microplus, showing efficacy in all stages of 
the life cycle of this ixodid, encouraging the use of these products as an alternative method 
to be employed in consortium with traditional chemical treatments. Furthermore, from 
cytotoxicity assays, in addition to previously reported acute toxicity assays, it was found 
that the plant extracts of this species do not constitute a risk to bovine health, enabling its 
use in the herd. A next step in this sense is to identify a compound or a group of active 
compounds present in the tested plant extracts which may serve as prototype substances for 
incorporation into formulations for topical use or even for application in the environment.
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